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1 
This invention relates to pulse ,transmission 
systems and more particularly to quantized sys- 
tems vherein the. inPUt, wave form .fo be trans- 
mitted is suhjected, to: instantaneous compres- 
sion. 
It is known that. wave îorms such as .speech 
current may be transmitted by regularly sam- 
pled values without distortion if the sampling rate 
has a frequency at least twice the highest fre- 
qtlency contained in the wave îorm. Such sam- 
pling is basic to-OEime, division multiplex and-to 
the so-called Puise modulation systems, sueh as, 
for example, pulse position modulation, pulse 
length or du_ration modulation« pulse, amplitude 
modulation and pulsecode:modultion. It,is also 
known that if the-variousamplitudes: of the- wave 
forms are. transmioEed in discrete.: intervals 
(qtlanta) rather th'rf continuously, varyin val- 
ues, noise and other extraneos"signals will hot 
degrade the recovered signal urfless the rmise 
plitudes are sulïiciently large.to throw the.signal 
from its correct levelto .another or .the quantized 
scale; thisis known as:a quantized system.. 
Quantized systema inherentlF contain a cer- 
tain amo.unt of. noise:knowri as . quantizing noise 
which is due to the fact:thaV only:a finite hum- 
ber of .amplitudes are:recognized:. I is-further 
known £hat qùantizing noise :may ïoe reduced by 
instantanems, compressiori of'the wave form- t0 
be sampled. If the total:number of recognized 
discrete intervals remains:, constant, instanta- 
neous compression results in devotin-g more-oî 
these intervals, to low signal levels and îëwer of 
them to the higher-leels. Sïnce quantizing noise 
varies inversely with thenunzber:of discrete 
tervals recognized, the signal-tonoise ratio is 
improved at the lower levels allowingbetter trans- 
mission of weak.sigrls. Theincreased noise at 
the higher levels is.found:,to be relativelF unim- 
portant if a proper ,compression ratio is main- 
tained and if a.suffibiently large number of dis- 
crete amplitudes are recognized. If beforethe 
wave is derived from thesampleS at the: receiver 
by means of a low-pss'filterthe amplitude.range 
of the samples-is restored:by.expansion, a replica 
of the input:wave:-is obtained.- Atthougti: com- 
pression of the input wave: increases the fre- 
quency range of:the wave-due.:to harmonic dis 
tortion, it may be shown that -the sampling rate 
and hence frequercy band:need:not be increased: 
In non-puisetransmission systems; instantareous 
compression wili'..usualIy result inan increase of 
the hand width requied .for distortioniess trans- 
mission. 
Although quantizing is ::filndàmental attzibute 
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of puise code modulation becme" ony a flnite 
numb.er of levels  can be recognized tya-flnite 
code, it is also applicable- and bCefial to" the 
other puise modulation systCs: 
5 It is an object of this invention to instnta- 
neously compress a samp]ed portion of: ai input 
wave fòrm and substantia-lly simultaneously pro- 
duce therefrom a quantized modùltedpulse. 
It is a- further object to produce, a system cpa- 
10 ble of performing such a' ftlnctionwhereirï the 
compression ratio anff the dêgree . of' quaritiZa- 
tion may easfly be vai, ied 
Other objeots-and features of the inventtonmay 
be. better understood by: g considération of"the 
15 following detailed description when read in 
cordance with th-attahed-drawings in which: 
Fig. 1 shows in blocl diagram form a circuit 
embodying principles of the invention; 
Fig. 2 illustrates wave forms appearing in the 
20 device of Fig. 1; 
Fig. 3A shows schematically a simptified sweep 
circuit which may be ' incorported: in the devïce 
of Fig. 1; Fig. 3B itlustrates«vaveformsdèscrip. 
tive of the sweep generator of Fig. 3A; 
:25 Fig.  illustrates schematically a coincidence 
detector which may be incorporated in the device 
of Fig. 1; and 
Fig. 5 illustrates sclêmaticall, a porti0ri of:tlie 
demodulator of FÏg: 1. 
3 For the purpose of illustration the invention 
will be described as relating to a device adapted 
for the study of the:effects of quantizing and 
instanianeous compression on a given input sig- 
nal Such a device» which willbe . designätëd a 
35 signal quantizer, is fllustratëd],Fig !: I:com 
prises principally a timing circUi.t.L a-puise 
modulator and quantizer 2! and a demodulator 
The basic control of the timing ciroult ! ! is the 
0 1-megacyCle-oscillator » !. from which are dë 
rived alI other controlling, freqïencies*of the de 
sired wave. shape» ThW2-megaccle: output-is 
derived from the-oscfllator !. by-.the-.use of- a 
conventional doubler !3 whfle the 400, 200 ad, 
5 kilocycle outputs are generated ,therefr0m by 
means of stepdown multïvibrators ! ! !6 and 
 7, respectiiety The 8-kilocyclesingle trip;mul- 
tivibrators ! 6 and !  contr01- ghë sweep gener 
ator and the various.clamps: Any.ofthe higher 
50 frequencies may be selected, bymeans, of a. sétec'- 
for switch !8 to be used in the-genera,tiooe, of 
quantizing pipsby.the pip .geierator ! 
With particular':reference now..to.:Fig 2,.th'e 
various possible: oUtputs: of the:'pip generao? : 
5 are illustratëd:a A. The outplts:of:,he 8=kflo- 



2600,561 

3 
cycle single trip multivibrators  6, and   are 
shown, respectively as wave forms B and C. 
These pulses are each 10 microseconds in dura- 
tion and occur at a repotition rate of 8 kilocy- 
cles, or at 125-microsecond intervals, with the 
return to normal of he multivibrator  6 initiating 
a pulse ïrom the multivibrator  7. 
The non-linear sweep by which an input sig- 
nal is instantaneously compressed is formed by 
the sweep generator 2{}. The start of the sweep 
is controlled by the output of multivibrator |7, 
wave ïorm C. The sweep dtu-ation is determined 
by a single trip multivibrator located within the 
sweep generator circuit. The duration of the 
sweep is adjustable over a range of values with 
a nominal value for the purpose of illustration 
of 80 microseconds. The means by which the 
sweep is generated may be better understood by 
referring to an exemplary circuit shown in Fig. 
3A and the wave shape fllustrative thereoï as 
shown in Fig. 3B. 
A constant current generator, illustrated as a 
pentode a! with an adjustable source of grid 
bias a2, supplies a regulated current I to a res- 
onant circuit 43 and a variable condenser 44 by- 
passed by an electronic switch 45. A rectifier 
or diode 46 and a resistor 4] are also provided in 
order to quench oscillation of the resonant cir- 
cuit 43 at a proper time, as will be described. 
If ata rime t0 the electronic switch 45 is opened 
(by the multivibrator 17) a stepped current of 
magnitude I will be supplied to the reactive 
elements. The voltage el across the resonant 
circuit 43. will be a sine wave of the expression 
I 
e------ sin  

where 

10 

4 
The circuit is thus left quiescent in readiness 
for the next cycle of operation. 
It is essential that the period of et be constant, 
80 microseconds in the present illustration, and 
5 it is desirable that the amplitude of et bave 
several xed values that can be selected at will 
fo effect different degrees of compression. These 
conditions are accomplished in the illustrated 
embodiment of the invention in the following 
manner. The period of et is maintained con- 
stant by making the inductance L and capac- 
itance Ct of the tuned circuit 43 constant. The 
amplitude is varied by changing the value oî 
the current I supplied to the circuit by operating 
15 the potentiometer 8, which varies the fixed 
bias of the constant current pontode 4|. 
It is also necessary that the slopo and am- 
plitude of es be constant; this is accomplished 
by holding the ratio of 
20 
I 
constant. To achieve this, the moving element 
of potentiometer 48 is mechanically coupled to 
25 the condenser 44 and varies the value of the 
capacitance C2 so as to maintain a constant 
ratio of 
I 
30 C 
By means of the common control of potentiom- 
eter 48 and condenser 44, therefore, any one of 
a family of sweep vottages and hence compres- 
sion characteristics may be selected. A repre- 
35 sentative output of the sweep generator 2{} is 
illustrated as the solid wave form E in Figç 2, 
ifs voltage ordinate being common with that of 
wave form D; the dotted curves represent lesser 
degrees of compression. 
Referring again fo Figs. 1 and 2, the quantiz- 
ing action of the circuit is accomplished in the 
following manner. The input signal is com- 
bined with a direct-current bias of such a value 
that the resultant voltage is always positive. 
This positive voltage is then sampled at an - 
kilocycle rate under control of the output of 
the multivibrator !6. Each sample is stored, 
example, as a charge on a condenser and held 
for the 125-microsecond multivibrator repetition 
period at which time a new sample is taken. 
This action is accomplished in a well-known 
manner by the circuit 22 and gives a stepped 
wave form, shown at D, Fig. 2. The stepped 
succession of samples is applied to the coin- 
cidence detector 23 along with the output of 
the pip generator 8 and the sweep voltage of 
the generator 2{}. 
A coincidence detector of the type that may 
be employed is shown in Fig. 4. The sweep 
voltage from the generator 2{} is applied to the 
control grid of a triode 24 while the positive 
input sample from the circuit 2 is applied to 
the cathode. (The output of the pip generator 
9, also supplied to the cathode, will temporarily 
6 be disregarded.) At the beginning of a cycle, 
with the sweep at ifs starting and most nega- 
tire point, the positive held value of the signal 
on the cathode keeps the cathode positive with 
respect to the grid. The tube is thus maintained 
7(} in ifs cut-off condition and no current will flow. 
As the sweep drives the grid more positive a point 
is reached where the tube begins fo conduct. 
When this occurs, the current flow causes a 
V, oltage drop across the plate resistor. This 
7 voltage change is amplifled by an amplifier 2 

1 
The voltage es across the condenser 44 will 
comprise a linearly increasng wave of the form 
I 45 
The output of the sweep generator 2 comprises 
the sure oï these two voltages and is represented 
by the expression: 50 
The resistor 47 is preferably made large enough 
so that when the current I flows through it the 55 
resulting IR drop is greater than the amplitude 
of et. ehs voltage acts to bias the diode 6 in 60 
the non-conducting direction throughout a com- 
plete cycle of et, and thus prevents the diode 
£rom affêcing he oscillation oï he resonan 
eireg 
A he end oï onê cycle of et, e eleeronie 
swieh  is elosêoE by he mulivibraor I. s 
elosurê çêrïor ghree ïunegtons: (1) g çrovês a 
bass o oun OEor hê erên I, interruçfing 
ifs flow tough the reactive elements; (2/ it 
rapidly discharges condenser Cz tough the 
ode 6; and, () wle the diode  thus con- 
ducting in the OEorward or low pedance direc- 
tion, if effectively coects restor  in parallel 
with the resonant circuit , th qcy damp- 
ing all traces of oscillation remaing therein. 
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and used to trip the flip-flop multivibrator 26 
shown in Fig. 1. The point at which the multi- 
vibrator is tripped may be called the coincidence 
point and ifs position (at the intersection of 
wave forms D and E) depends upon the ampli- 5 
rude of the sample voltage which is supplied to 
the cathode, the sweep wave form and amplitude 
being constant. The variation oï the sample 
voltage represents the variations of the signal 
voltage and hence variation of the coincidence 10 
point is a function of the input signal amplitude. 
The flip-flop multivibrator 26, which bas been 
tripped by the.voltage representative of the co- 
incidence point, is returned to ifs normal po- 
sition af the end of the sweep interval by the 15 
multivibrator 16. The output of the multi- 
vibrator 26, wave form F, therefore represents 
a length-modulated pulse with. the pulse length 
being seine function of input signal amplitude 
depending on the amount of compression sup- 2O 
plied by the curved sweep. 
If the negative pips of suflicient amplitude 
are applied te the cathode of tube 24 in Fig. 4 
along with the held value of the input sample, 
the coincidence point will always coincide with 25 
the occurrence of one of these pips. The co- 
incidence point will thus be limited to a pip 
position and will occur at a pip ahead of the 
point of actual coincidence. Accordingly, these 
pips are the means of quantizing the input 30 
signal. 
The number of quantized levels in the output 
is determined by the number of pips in the 
sweep intervals. For example, if the pips are 
produced at a 2-megacycle rate they occurat 0.5- 35 
microsecond intervals, At. If the sweep duration 
is 80 microseconds the munber of available levels 
is 160. For the 200-kilocycle pip rate, At equals 
5 microseconds, and the number of discrete 
levels is only 16. An increase in the pip repeti- 40 
tion rate therefore lncreases the number of 
quantizing levels afforded fo the input signal. 
And, as previously mentioned, the larger the 
number of quantizing levels, the smaller will 
be the quantizing distortion. 
As previously explained, it is desirable fo de- 45 
vote a greater relative proportion of the total 
number of quantized levels fo the smaller sig- 
naling amplitudes. A more satisfactory signal- 
to-noise ratio is thus maintained over the entire 
signal range. This is accomplished by means 50 
of the curved sweep. By properly biasing the 
input signal, the signal waves may be marie fo 
vary about an axis which coincides with the 
axis of symmetry S of the curved sweep E. The 
signal is thus instantaneously compressed., since 55 
the curved sweep expands the rime range of 
coincidence points reserved for small signal 
amplitudes at th e expense of the perlods reserved 
for large ones. 
The amplitude change, Ae, between adjacent {}0 
quantizing levels, that is, Ae for a particular 
rime interval A, depends upon the slope of the 
sv¢eep. The compression ratio is defined as the 
ratio of the maximum, fo minimum values of Ae 
over the sweep intervals and may be shown fo {}5 
equal 
C1÷C2 
C1--C2 
The compression ratio of the quantization is 70 
thus a function of the capacitances Ci. and C2. 
If can be seen from the curve of 
de 
dt 7 

in Fig.3B thakby the use of a cured swêela 
for a given, value of the pip period At; bus been 
ruade .very small in--the-regio over which the 
signall level is low. 
. The demodulating circuit. l is ed to. re- 
produce the input sial in a quantized o. 
By mea of the spli circt 2. a . sple 
of the sweep voltage E (or of a slightly delayed 
replica thereof)  taken ai the rime marked 
by the leaoEng ee of the .leth-modated 
pse F formed by the multivibrator 2. The 
plitude of this sample represents, on a quan- 
tized scale, the amplitude of the input signal 
sample. This action may be botter undersod 
by reference to Fig. 5. 
The length-modated pulse F of the p-flop 
mtivibrar 2 is. impressed on the id of a 
triode 33 which is operated  a cathode follower. 
The cathode of triode : is connected to the 
grid oî triode , and is normally ai such a 
potenGal that triode  do not conduct. The 
sweep voltage from the sweep generator 2@ is 
impressed by way of a delay element .4@ on the 
grid of a triode 34, causi the condeer 
fo be charged-as shown by wave form G and 
with a polarity as indicated in g. 5. The oc- 
currence of the pse F on the grid of tube 
.caes tube  fo conduct, and th in tn ives 
the grid of tube 4 negative and beyond out- 
off. The condenser , therefore, is chged in 
accordance with the sweep voltage o until 
a pulse F cu off the flow of plate crent in 
the tube 4. e small delay of the element 
 is preferably, ated to be equal fo the 
operating rime of the coincidence detector 
the p-flop multivibrator 2, and the spli 
circt , thus compeating for the total 
delay.. Accordingly, the charge established, on 
the condeer  represents the quantized pli- 
rude of the inputwave sample. 
In order fo standaroEze the tig of the cor- 
respcnng output sples, this .charge is again 
sampled and held by the output spg circt 
3 under control of the sigle trip multivibrator 
6 and from there is fed through a cathode 
follower stage fo an output circuit  The.volt 
age prcduced by the output spler ] is shown 
by wave form H. The oendenser  in g. 5 
holds ifs charge  shown by wave form G until 
a pue from the multivibrator ] cares the 
grid of the triode $9 posive and allows the 
de,er fo scharge theretough. If may be 
noted that the condeer   hot. OEcharged 
untfl ieately ater the operation of the al 
sampling circuit ]. The sampler  hol ifs 
charge during the enre 125-crosecond inter- 
val between the pulses of. the multivibrator . 
If dsired, a low-pass fllter may be included in 
the outpuç circt $$ fo elate frequency 
components lying above the band of the origi- 
nal input wave signal. 
e output of the demodular circt  may 
be analyzed and stued fo determine the effects 
of various degrees o quantization and compres- 
sion on the input wave signal. As previously 
described the deee of quantizing may be vied 
bythe switch 8 and the degree of compression 
may be varied by operati the potentiometer 8. 
It may be noted by reference  the wave forms 
of g. 2 that the cocidence point of the signal 
quanter represen a position modulation. The 
Position of the pulse in the 80-microseoend 
terval of the sweep charactisc is deteined 
by the sial amplitude. so tS pulse osition 
is quantized so-tha-t=ff theïcoicidence action 
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cused to trip a single trip multivibrator thé 
output is a 'quantized pulse position modulation. 
The output of the flip-flop multivibrator 26 shown 
as wave form F of Fig. 2 is a pulse whose length 
varies with the amplitude of the input signal. 
This too is quantized by the pips and represents 
a quantized puise length or duration modulation. 
Any sample taken oï the wave form H of Fig. 2 
would be a quantized puise amplitude modulation. 
Such a pulse couId be converted into a pulse code 
modulation, i If will be readily apparent that the 
methods of the invention may also be applied fo 
means ïor transmitting and receiving signal 
waves as well as to a device for the study oï 
degrees oï compression and quantization as dis- 
closid herein in detail. Other embodiments and 
modifications within the scope of the invention 
wi]l also occur fo one skilled in the art. 
Vhat is claimed is: 
1. In a quantized puise modulation system for 
the transmission of complex wave forms, said 
system having a plurality of tandem stages, means 
in a first stage fo recurrently obtain samples of 
said wave form, means to produce puises modu- 
lated in accordance with the magnitude of each of 
said samples comprising means in a second stage 
to quantize said modulation and means also in 
said second stage to instantaneously compress 
each of said samples. 
2. Pulse modulation apparatus having a plu- 
rality of tandem operating stages comprising 
means to instantaneously compress a complex 
wave form, said means comprising means in a 
first stage for generating a Wave form having a 
wave shape similar to the desired compression 
characteristic, means in a second stage for re- 
currently obtaining samples of said complex wave 
form and means in a thh'd stage fo progressively 
compare the magnitude of each of said samples 
vith the instantaneous amplïtude of said gener- 
ated wave form, quantizing means comprising 
means in said third stage to limit the number of 
possible compressed values fo a predetermined fl- 
nite number, and means for producing pulses 
modulated in accordance with the results of said 
comparisons. 
3. In a system for producing puises modulated 
in accordance with a complex wave form, timing 
means, means under control of said timing means 
for recurrently sampling said complex wave form, 
means for compressing said samples comprising 
generator means under control of said timing 
means for generating a continuously varying wave 
form having a wave shape similar to the desired 
compression characteristic for each of said sam- 
ples, means for comparing the magnitude of each 
of said samp!es with the instantaneous amplitude 
oï its associated generated wave form and adapted 
to produce an electrical response when the in- 
stantaneous amplitude of said generated wave 
form sha]l be related to the magnitude of said 
sample in a predetermined ratio, pulse forming 
means, and means fo modulate said pulses in ac- 
cordance with the character of said electrical 
response. 
4. Apparatus fo produce pulses modulated in 
accordance with a complex wave form comprising 
means fo recurrently obtain samples of sald wave 
ïorm, means for instantaneously compressing said 
samples comprising means for generating a wave 
form for each of said samples having a wave shape 
simiiar to the desired compression characteristic, 
means to progressively compare the instantaneous 
amplitude of said generated wave form with the 
magnitude of its associated sample, means to de- 

8 
tect the existence of a predetermined ratio be- 
tween the magnitude of said sample and said in- 
stantaneous amplitude and fo produce an elec- 
trical variation therefrom, means to generate a 
5 train of recurrent puises, quantizing means com- 
prising means to inject said train of pulses into 
said detection means to cause said electrical vari- 
ation to occur only at the rime of occurrence of 
a puise of said pulse train, and means to produce 
10 an output pulse having a leading and a trailing 
edge, the timing of one of said edges under conrol 
of means synchronized with said waveform gener- 
ating means and the timing of the other of said 
edges under control of said electrical variations. 
15 5. Apparatus to produce puises modulated in 
accordance with a complex wave form comprising 
means fo recurrently obtain samples of said wave 
form, means for instantaneously compressing said 
samples comprising means for generating a wave 
0 form for each of said samples having a wave shape 
similar fo the desired compression characteristic, 
means fo progressively compare the instantaneous 
amplitude of said generated wave form with the 
magnitude of its associated sample, means fo de- 
25 tect the existence of a predetermined ratio be- 
tween the magnitude of said sample and said in- 
stantaneous amplitude and fo produce an elec- 
trical variation therefrom, means fo generate a 
train of recurrent pulses, quantizing means com- 
30 prising means fo inject said train of pulses into 
said detection means fo cause said electrical vari- 
ation to occur only ai the time of occurrence of 
a pulse of said pulse train, pulse forming means, 
and means fo control the length of said pulse 
35 comprising means controlled by said electrical 
variation fo initiate said pulse and means syn- 
ehronized with said wave form generating means 
o terminate said puise. 
6. Apparatus fo produce pulses modulated in 
40 accordance with a complex vave form comprising 
timing means, means under control of said timing 
means to recurrently obtain samples of said com- 
plex wave form, means fo substantially simul- 
taneously compress said samples and produce a 
45 quantized puise modu]ated in accordance with 
the amplitude of said sample comprising means 
under control of said timing means to generate 
for each of said samp]es a complex wave form 
having a wave shape similar to the desired com- 
50 pression characteristic, meanS to compare the 
magnitude of each of said samples with the in- 
stantaneous amplitude of its associated generated 
wave forrn, means to detect the existence of a 
predetelunined ratio between the magnitude of 
55 said sample and the instantaneous amplitude of 
said generated wave form and fo produce an elec- 
tric impulse therefrom, quantizing means fo limit 
the production of said electrical impulses to a 
finite number of rimes predetermined by said 
60 quantizing means, pulse forming means, and 
means under control of said electric impu!ses to 
modulate said puises. 
7. In a puise modulation system for the trans- 
mission of complex wave forms, means to recur- 
65 rently obtain samp!es of said complex wave forms, 
means to instantaneously compress said samples, 
quantizing means comprising a source of recur- 
rent pulses and means to app!y said recurrent 
pulses to said compression means to limit the 
70 possible values of the compressed samples to a 
predetermined finite number and means to pro- 
duce pulses modulated in accordance with the 
compressed samples. 
8. Pulse modulation apparatus comprising 
5 means to lnstantaneously compress a complex 
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9 
wave form, ,aid means compri,ing mean, for 
generating a wave form having a wave ,hape 
similar fo the desired compression characteristic, 
means for recurrently obtaining samples of said 
complex wave form, means to progressively com- 
pare the magnitude of each of said ,amples with 
the instananeou, amplitude of said generated 
wave form, and means to obtain an indication 
of a predetermined relation between said gen- 
erated waïe form and said samples, quantizing 
means comprising a source of recurrent pulses 
and meanS to inject said recurrent pulses into 
said comparison means to advance the occurrence 

lO 

10 
of each of said indications to the occurrence rime 
 of one of said pulses and means for producing 
pulses modulated in accordance with said indica- 
tions. 
LARNED A. MEACHAM. 
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